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DESCRIPTION 



OPTICAL AMPLIFIER APPARATUS 



TECHNICAL FIELD 



The present invention relates to an amplification of light. 



BACKGROUND ART 

There has conventionally been known a wide-band optical amplifier 
which can amplify incident light whether the wavelength band of the 
incident light is the 1.55 iim band (C band- 1.53 iim - 1.56 iim) or the 1.58 iim 
band (L band* 1.57 p.m ■ 1.61 pm) (refer to a patent document 1 (Japanese 
Laid-Open Patent Publication (Kokai) No. 2001-358389 (Abstract)), for 
example). 

The wide-band optical amplifier of this type amplifies the incident 
light by passing the incident light through a first Er (Erbium) -doped optical - 
fiber if the wavelength band of the incident light is the C-band. The 
wide-band optical amplifier amplifies the incident light by passing the 
incident light through the first Er- doped optical fiber, and then a second 
Er- doped optical fiber if the wavelength band of the incident light is the 
L band. The light which has been amplified is output as amplified light 
from the wide band optical amplifier. 



1 



FADT0410PCT 



On this occasion, in order to reduce a noise of the amplified light, 
there may be further provided an Er-doped optical fiber for low-noise 
amplification on a prior stage of the first Er-doped optical fiber. If the gain 
of the Er-doped optical fiber for low-noise amplification is increased, it is 
possible to reduce an influence of the noise due to the first Er-doped optical 
fiber. 

However, if the lengths of the first Er-doped optical fiber and the 
Er-doped optical fiber for low-noise amplification are determined to reduce 
the noise of the amplified fight within the Ob and output by the first 
Er-doped optical fiber, the gain of the output of the first Er-doped optical 
fiber decreases. As a result, an influence of a noise due to the second 
Er doped optical fiber increases, and it is thus not possible to reduce the 
noise of the amplified light within the L-band. 

On the other hand, if the lengths of the first Er-doped optical fiber 
and the Er doped optical fiber for low-noise amplification are extended to 
reduce the noise of the amplified light within the L-band, it is not possible to 
reduce the noise of the amplified light within the Oband. 

In this way, it is difficult to reduce both the noises of the amplified 
light within the Oband and the amplified light within the L-band. 

It is thus an object of the present invention to provide an optical 
amplifier which can be applied to different wavelength bands, and outputs 
amplified light with a reduced noise within either of the wavelength bands. 



2 



FADT0410PCT 



DISCLOSURE OF THE INVENTION 



According to an aspect of the present invention, an optical amplifier 
apparatus includes- a first front-end optical fiber amplifier that amplifies 
incident fight; a first front-end pumping light source that generates first 
pumping fight supplied to the first front-end optical fiber amplifier; a first 
front-end pumping light introducing unit that introduces the first pumping 
light to the first front-end optical fiber amplifier; a first back-end optical 
fiber amplifier that amplifies outgoing light of the first front-end optical fiber 
amplifier; a second front-end optical fiber amplifier; a second front-end 
pumping fight source that generates second pumping light supplied to the 
second front-end optical fiber amplifier; a second front-end pumping fight 
introducing unit that introduces the second pumping light to the second 
front-end optical fiber amplifier from an outgoing side which is opposite to an 
incident side; a second back-end optical fiber amplifier that amplifies 
outgoing light of the second front-end optical fiber amplifier; a back-end 
pumping light source that generates third pumping light supplied to the first 
back-end optical fiber amplifier; a back-end pumping fight introducing unit 
that introduces the third pumping light to the first back-end optical fiber 
amplifier; and an optical connecting unit that (l) connects an outgoing side of 
the first back-end optical fiber amplifier and the back-end pumping light 
introducing unit to each other, or (2) connects the outgoing side of the first 
back-end optical fiber amplifier and the incident side of the second front-end 
optical fiber amplifier to each other thereby causing the second front-end 
optical fiber amplifier to amplify outgoing light of the first back-end optical 
fiber amplifier. 

According to the thus constructed invention, a first front-end optical 
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fiber amplifier amplifies incident light. A first front-end pumping light 
source generates first pumping light supplied to the first front-end optical 
fiber amplifier. A first front-end pumping light introducing unit introduces 
the first pumping light to the first front-end optical fiber amplifier. A first 
back-end optical fiber amplifier amplifies outgoing light of the first front-end 
optical fiber amplifier. A second front-end pumping light source generates 
second pumping fight supplied to the second front-end optical fiber amplifier. 
A second front-end pumping light introducing unit introduces the second 
pumping fight to the second front-end optical fiber amplifier from an 
outgoing side which is opposite to an incident side. A second back-end 
optical fiber amplifier amplifies outgoing light of the second front-end optical 
fiber amplifier. A back-end pumping light source generates third pumping 
light supplied to the first back-end optical fiber amplifier. A back-end 
pumping light introducing unit introduces the third pumping light to the 
first back end optical fiber amplifier. An optical connecting unit (l) 
connects an outgoing side of the first back-end optical fiber amplifier and the 
back-end pumping light introducing unit to each other, or (2) connects the 
outgoing side of the first back-end optical fiber amplifier and the incident 
side of the second front-end optical fiber amplifier to each other thereby 
causing the second front-end optical fiber amplifier to amplify outgoing light 
of the first back end optical fiber amplifier. 

According to the present invention, it is preferable that the optical 
amplifier apparatus may include a light blocking unit that blocks light from 
the first back-end optical fiber amplifier to the first front-end optical fiber 
amplifier. 

According to the optical amplifier apparatus of the present invention, 
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it is preferable that the optical connecting unit may connect the outgoing 
side of the first back-end optical fiber amplifier and the incident side of the 
second front-end optical fiber amplifier to each other, and, simultaneously, 
the outgoing side of the second back-end optical fiber amplifier and the 
back-end pumping light introducing unit to each other. 

According to the optical amplifier apparatus of the present invention, 
it is preferable that if the optical connecting unit connects the outgoing side 
of the first back-end optical fiber amplifier and the back-end pumping light 
introducing unit to each other, a gain of the first front-end optical fiber 
amplifier may be as large as a noise of the first back-end optical fiber 
amplifier can be neglected. 

According to the optical amplifier apparatus of the present invention, 
it is preferable that if the optical connecting unit connects the outgoing side 
of the first back-end optical fiber amplifier and the incident side of the 
second front-end optical fiber amplifier to each other, a combined gain of the 
gain of the first front-end optical fiber amplifier, a gain of the first back-end 
optical fiber amplifier, and a gain of the second front-end optical fiber 
amplifier may be as large as a noise of outgoing light of the second back-end^ 
optical fiber amplifier is approximately maintained. 

According to the optical amplifier apparatus of the present invention, 
it is preferable that if the optical connecting unit connects the outgoing side 
of the first back-end optical fiber amplifier and the back-end pumping fight 
introducing unit to each other, a wavelength band of the outgoing light of the 
first back end optical fiber amplifier may be the Oband. 
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According to the optical amplifier apparatus of the present invention, 
it is preferable that if the optical connecting unit connects the outgoing side 
of the first back-end optical fiber amplifier and the incident side of the 
second front-end optical fiber amplifier to each other, a wavelength band of 
the outgoing light of the second back-end optical fiber amplifier may be the 
L-band. 

According to the optical amplifier apparatus of the present invention, 
it is preferable that at least one of the first front-end optical fiber amplifier, 
the first back-end optical fiber amplifier, the second front-end optical fiber 
amplifier, and the second back-end optical fiber amplifier may be an 
Erbium- doped optical fiber. 

According to the optical amplifier apparatus of the present invention, 
it is preferable that wavelengths of the light generated by the first front-end 
pumping light source, the second front-end pumping light source, and the 
back end pumping light source may be 980 nm. 

According to the present invention, it is preferable that the optical 
amplifier apparatus may include- a third front-end optical fiber amplifier 
that amplifies the outgoing fight of the second front-end optical fiber 
amplifier, and emits amplified fight to the second back-end optical fiber 
amplifier; a third front-end pumping light source that generates fourth 
pumping fight supplied to the third front-end optical fiber amplifier; and a 
third front-end pumping fight introducing unit that introduces the fourth 
pumping light to the third front-end optical fiber amplifier from an outgoing 
side which is opposite to an incident side. 
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According to another aspect of the present invention, an optical 
amplifier apparatus includes- a first optical fiber amplifier that amplifies 
incident light; a second optical fiber amplifier; a back-end pumping light 
source that generates pumping light supplied to the first optical fiber 
amplifier; a back-end pumping light introducing unit that introduces the 
pumping light to the first optical fiber amplifier; and an optical connecting 
unit that (l) connects an outgoing side of the first optical fiber amplifier and 
the back-end pumping light introducing unit to each other, or (2) connects 
the outgoing side of the first optical fiber amplifier and an incident side of 
the second optical fiber amplifier to each other thereby causing the second 
optical fiber amplifier to amplify the outgoing light of the first optical fiber 
amplifier. 

According to the thus constructed invention, a first optical fiber 
amplifier amplifies incident fight. A back-end pumping light source 
generates pumping light supplied to the first optical fiber amplifier. A 
back-end pumping light introducing unit introduces the pumping fight to the 
first optical fiber amplifier. An optical connecting unit (l) connects an 
outgoing side of the first optical fiber amplifier and the back-end pumping 
fight introducing unit to each other, or (2) connects the outgoing side of the 
first optical fiber amplifier and an incident side of the second optical fiber 
amplifier to each other thereby causing the second optical fiber amplifier to 
amplify the outgoing light of the first optical fiber amplifier. 



BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 1 is a diagram showing a configuration of an optical amplifier 
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apparatus 1 according an embodiment of the present invention; 

FIG. 2 is a diagram showing a configuration of the variation of the 
optical amplifier apparatus 1 according the embodiment of the present 
invention; 

FIG. 3 is a diagram showing a relationship between the wavelength 
and the gain, and a relationship between the wavelength and the noise factor 
of an example and a comparable example; 

FIG. 4 is a diagram showing a configuration of a comparative 
example (obtained by removing the second front-end optical fiber amplifier 
22); and 

FIG. 5 shows an example where there are omitted a part of the 
components of the optical amplifier apparatus 1 shown in FIG. 1. 

BEST MODE FOR CARRYING OUT THE INVENTION 

A description will now be given of an embodiment of the present 
invention with reference to drawings. 

FIG. 1 is a diagram showing a configuration of an optical amplifier 
apparatus 1 according the embodiment of the present invention. The 
optical amplifier apparatus 1 amplifies incident light, and emits amplified 
fight. 

The optical amplifier apparatus 1 is provided with a first front-end 
optical fiber amplifier 12, a first front-end pumping light source 14, a first 
WDM coupler (first front-end pumping fight introducing means) 16, a first 
back-end optical fiber amplifier 18, a second front-end optical fiber amplifier 
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22, a second front-end pumping light source 24, a second WDM coupler 
(second front-end pumping light introducing means) 26, a second back-end 
optical fiber amplifier 28, a back-end pumping light source 34, a back-end 
WDM coupler (back-end pumping light introducing means) 36, optical 
isolators 42, 44, 46, and optical switch (optical connecting means) 50. 

Incident light incident on the optical amplifier apparatus 1 passes 
the optical isolator 42, and is made incident on the first front-end optical 
fiber amplifier 12. The optical isolator 42 is disposed upon a prior stage of 
the first front end optical fiber amplifier 12, passes light in a direction 
incident on the first front end optical fiber amplifier 12, and does not pass 
light in a direction outgoing from the first front-end optical fiber amplifier 
12. 

The first front-end optical fiber amplifier 12 amplifies the incident 
light which has passed the optical isolator 42, and emits the amplified light. 
The first front-end optical fiber amplifier 12 is an Er (Erbium) doped optical 
fiber, for example. 

The first front-end pumping fight source 14 generates first pumping 
fight which is supplied to the first front-end optical fiber amplifier 12. 

The first WDM coupler (first front-end pumping light introducing 
means) 16 receives the first pumping light from the first front-end pumping 
light source 14, and supplies the first front-end optical fiber amplifier 12 
with the first pumping light. The first WDM coupler 16 is connected to an 
outgoing side (side opposite to a side to receive the incident fight) of the first 
front-end optical fiber amplifier 12. It should be noted that the outgoing 
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light of the first front-end optical fiber amplifier 12 passes the first WDM 
coupler 16. 

The outgoing fight of the first front-end optical fiber amplifier 12 
passes the optical isolator (light blocking means) 44, and is made incident on 
the first back-end optical fiber amplifier 18. The optical isolator (light 
blocking means) 44 is disposed upon a prior stage of the first back-end 
optical fiber amplifier 18, passes light directed from the first front-end 
optical fiber amplifier 12 to the first back-end optical fiber amplifier 18, and 
does not pass light directed from the first back-end optical fiber amplifier 18 
to the first front-end optical fiber amplifier 12. The optical isolator (light 
blocking means) 44 blocks a spontaneous emission incident from the first 
back-end optical fiber amplifier 18 to the first front-end optical fiber 
amplifier 12, thereby reducing unnecessary signal- ASE beat noise and 
ASE-ASE beat noise in the first front-end optical fiber amplifier 12, resulting 
in an efficient and low noise signal amplification. It should be noted that 
the signal implies the incident fight incident on the optical amplifier 
apparatus 1. 

The first back-end optical fiber amplifier 18 amplifies the light which 
has passed the optical isolator 44, and emits amplified light. The first 
back-end optical fiber amplifier 18 is an Er (Erbium) -doped optical fiber, for 
example. It should be noted that the pumping light for the first back-end 
optical fiber amplifier 18 originates from the back-end pumping light source 
34 (upon a terminal 51 and a terminal 52 being connected to each other) or 
the second front-end pumping light source 24 (upon the terminal 51 and a 
terminal 54 being connected to each other). 
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The second front-end optical fiber amplifier 22 amplifies outgoing 
light of the first back-end optical fiber amplifier 18 upon the terminal 51 and 
the terminal 54 being connected to each other. The second front-end optical 
fiber amplifier 22 is an Er (Erbium) -doped optical fiber, for example. 

The second front-end pumping fight source 24 generates second 
pumping light which is supplied to the second front- end optical fiber 
amplifier 22. 

The second WDM coupler (second front-end pumping light 
introducing means) 26 receives the second pumping fight from the second 
front-end pumping fight source 24, and supplies the second front-end optical 
fiber amplifier 22 with the second pumping light. The second WDM coupler 
26 is connected to an outgoing side (side opposite to an incident side 
connected to the terminal 54) of the second front-end optical fiber amplifier 
22. It should be noted that the outgoing light of the second front-end optical 
fiber amplifier 22 passes the second WDM coupler 26. 

The second back-end optical fiber amplifier 28 amplifies the outgoing 
light of the second front-end optical fiber amplifier 22, and emits amplified 
light. The second back-end optical fiber amplifier 28 is an Er 
(Erbium) doped optical fiber, for example. It should be noted that the 
pumping fight for the second back-end optical fiber amplifier 28 originates 
from the back-end pumping light source 34 (upon the terminal 52 and a 
terminal 53 being connected to each other). 

The back-end pumping light source 34 generates third pumping light 
supplied to the first back-end optical fiber amplifier 18 (upon the terminal 51 
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and the terminal 52 being connected to each other), or pumping light 
supplied to the second back-end optical fiber amplifier 28 (upon the terminal 
52 and the terminal 53 being connected to each other). 

The back-end WDM coupler (back-end pumping light introducing 
means) 36 receives the third pumping light from the back-end pumping fight 
source 34, and supplies the first back-end optical fiber amplifier 18 with the 
third pumping light (upon the terminal 51 and the terminal 52 being 
connected to each other). Alternatively, the back-end WDM coupler 36 
receives the pumping light from the back-end pumping fight source 34, and 
supplies the second back-end optical fiber amplifier 28 with the pumping 
light (upon the terminal 52 and the terminal 53 being connected to each 
other). It should be noted that the outgoing light of the first back-end 
optical fiber amplifier 18 and outgoing light of the second back-end optical 
fiber amplifier 28 pass the back-end WDM coupler 36. 

The light which has passed the back-end WDM coupler 36 passes the 
optical isolator 46. This light is outgoing light of the optical amplifier 
apparatus 1. The optical isolator 46 is disposed on a posterior stage of the 
back-end WDM coupler 36, passes light in a direction outgoing from the 
back-end WDM coupler 36, and does not pass light in a direction incident on 
the back-end WDM coupler 36. 

The optical switch (optical connecting means) 50 includes the 
terminals 51, 52, 53, and 54. The terminal 51 is connected to the outgoing 
side of the first back-end optical fiber amplifier 18. The terminal 52 is 
connected to the back-end WDM coupler 36. The terminal 53 is connected 
to the outgoing side of the second back-end optical fiber amplifier 28. The 
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terminal 54 is connected to the incident side of the second front- end optical 
fiber amplifier 22. 

The optical switch 50 (l) connects the terminal 51 and the terminal 
52 to each other, or (2) connects the terminal 51 and the terminal 54 to each 
other, and simultaneously connects the terminal 52 and the terminal 53 to 
each other. 

(1) Upon the terminal 51 and the terminal 52 being connected to each 
other, the outgoing side of the first back-end optical fiber amplifier 18 and 
the back-end WDM coupler 36 are connected to each other. 

(2) Upon the terminal 51 and the terminal 54 being connected to each 
other, and, simultaneously, the terminal 52 and the terminal 53 being 
connected to each other, the outgoing side of the first back-end optical fiber 
amplifier 18 and the incident side of the second front-end optical fiber 
amplifier 22 are connected to each other, and, simultaneously, the back-end 
WDM coupler 36 and the outgoing side of the second back-end optical fiber 
amplifier 28 are connected to each other. 

A description will now be given of an operation of the present 
invention. 

If the optical amplifier apparatus 1 receives incident fight within the 
1.55 pm band (Oband- 1.53 pm - 1.56 pm), the optical amplifier apparatus 1 
connects the terminal 51 and the terminal 52 to each other to emit the fight 
within the Oband. If the optical amplifier apparatus 1 receives incident 
light within the 1.58 pm band (Lband: 1.57 pm - 1.61 pm), the optical 
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amplifier apparatus 1 connects the terminal 51 and the terminal 54 to each 
other, and simultaneously connects the terminal 52 and the terminal 53 to 
each other to emit the light within the L-band. 

(l) Upon the terminal 51 and the terminal 52 being connected to each 
other (to amplify incident light within the Oband) 

Incident light within the Oband is made incident on the optical 
amplifier apparatus 1. The incident light passes the optical isolator 42, and 
is made incident on the first front-end optical fiber amplifier 12. 

The first front-end pumping light source 14 generates the first 
pumping light, and the first pumping fight is introduced into the first 
front- end optical fiber amplifier 12 by the first WDM coupler 16. As a result, 
the first front-end optical fiber amplifier 12 is pumped and comes to amplify 
the incident light. 

The first front-end optical fiber amplifier 12 amplifies the incident 
fight, and emits the amplified incident light. The outgoing light passes the 
first WDM coupler 16, and then passes the optical isolator (light blocking 
means) 44. This light is made incident on the first back-end optical fiber 
amplifier 18. 

The back-end pumping light source 34 generates the third pumping 
fight, and the third pumping light is introduced into the first back-end 
optical fiber amplifier 18 by the back-end WDM coupler 36 via the terminal 
52 and the terminal 51. As a result, the first back-end optical fiber 
amplifier 18 is pumped, and comes to amplify the outgoing light of the first 
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front-end optical fiber amplifier 12. 

It should be noted that the first front-end optical fiber amplifier 12 
and the first back-end optical fiber amplifier 18 have fiber lengths optimized 
to amplify the incident light within the Oband with a low noise. Further, 
the gain of the first front-end optical fiber amplifier 12 (upon amplifying the 
incident fight within the Oband) is as large as a noise caused by the first 
back end optical fiber amplifier 18 can be neglected. 

The outgoing light of the first back end optical fiber amplifier 18 
routes through the terminal 51 and the terminal 52, passes the back-end 
WDM coupler 36, and then passes the optical isolator 46. This light is 
outgoing fight of the optical amplifier apparatus 1. 

If the incident light within the Oband is amplified, the noise can be 
reduced by properly determining the fiber lengths of the first front-end 
optical fiber amplifier 12 and the first back end optical fiber amplifier 18 and 
the like. 

(2) Upon the terminal 51 and the terminal 54 being connected to each 
other and, simultaneously, the terminal 52 and the terminal 53 being 
connected to each other (to amplify incident light within the L-band) 

Incident light within the L-band is made incident on the optical 
amplifier apparatus 1. The incident light passes the optical isolator 42, and 
is made incident on the first front-end optical fiber amplifier 12. 

The first front-end pumping light source 14 generates the first 
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pumping light, and the first pumping light is introduced into the first 
front-end optical fiber amplifier 12 by the first WDM coupler 16. As a result, 
the first front-end optical fiber amplifier 12 is pumped and comes to amplify 
the incident light. 

The first front-end optical fiber amplifier 12 amplifies the incident 
light, and emits the amplified incident light. The outgoing light passes the 
first WDM coupler 16, and then passes the optical isolator (light blocking 
means) 44. This light is made incident on the first back-end optical fiber 
amplifier 18. 

The second front-end pumping light source 24 generates second 
pumping light which is supplied to the second front-end optical fiber 
amplifier 22. The second pumping light is introduced into the second 
front-end optical fiber amplifier 22 by the second WDM coupler 26. The 
second pumping light transmits from the outgoing side to the incident side of 
the second front-end optical fiber amplifier 22, and then is introduced into 
the first back-end optical fiber amplifier 18 via the terminal 54 and the 
terminal 51 (undergoes an insertion loss of the optical switch 50 on this 
occasion). As a result, the first back-end optical fiber amplifier 18 is 
pumped, and comes to amplify the outgoing light of the first front-end optical 
fiber amplifier 12. Further, the second front-end optical fiber amplifier 22 is 
pumped, and comes to amplify the outgoing light of the first back-end optical 
fiber amplifier 18. The first back-end optical fiber amplifier 18 and the 
second front-end optical fiber amplifier 22 can be controlled by the single 
fight source (second front-end pumping light source 24). It should be noted 
that since the first front-end optical fiber amplifier 12 is disposed prior to the 
optical isolator 44, the first front-end optical fiber amplifier 12 is not 
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influenced by the second front-end pumping light source 24. 

The outgoing light of the first back-end optical fiber amplifier 18 
routes through the terminals 51 and 54, and is made incident on the second 
front-end optical fiber amplifier 22. The second front-end optical fiber 
amplifier 22 amplifies the outgoing fight of the first back-end optical fiber 
amplifier 18. The outgoing light of the second front-end optical fiber 
amplifier 22 passes the second WDM coupler 26, and is made incident on the 
second back-end optical fiber amplifier 28. 

The back-end pumping fight source 34 generates the pumping light 
which is supplied to the second back-end optical fiber amplifier 28. The 
pumping fight is introduced into the second back-end optical fiber amplifier 
28 by the back-end WDM coupler 36. As a result, the second back-end 
optical fiber amplifier 28 is pumped, and comes to amplify the outgoing light 
of the second front-end optical fiber amplifier 22. 

The second back-end optical fiber amplifier 28 amplifies the outgoing 
light of the second front-end optical fiber amplifier 22. The outgoing light of 
the second back-end optical fiber amplifier 28 routes through the terminal 53 
and the terminal 52, passes the back-end WDM coupler 36, and then passes 
the optical isolator 46. This light is outgoing fight of the optical amplifier 
apparatus 1. 

It should be noted that the sum of the fiber lengths of the first 
front-end optical fiber amplifier 12, the first back-end optical fiber amplifier 
18, the second front-end optical fiber amplifier 22, and the second back-end 
optical fiber amplifier 28 is an optimal length to amplify the light within the 
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L-bancL Moreover, the sum of the fiber lengths of the first front-end optical 
fiber amplifier 12, the first back-end optical fiber amplifier 18, and the 
second front-end optical fiber amplifier 22 is set such that a combined gain 
obtained by combining the gain of the first front-end optical fiber amplifier 
12, the gain of the first back-end optical fiber amplifier 18, and the gain of 
the second front-end optical fiber amplifier 22 does not largely increase a 
noise of the outgoing light of the second back-end optical fiber amplifier 28, 
and keeps it approximately constant. 

If the incident fight within the Oband is amplified, the noise of the 
fight within the Oband can be reduced by properly determining fiber lengths 
of the first front-end optical fiber amplifier 12 and the first back-end optical 
fiber amplifier 18 and the like. However, in this case, a gain caused by the 
first front-end optical fiber amplifier 12 and the first back-end optical fiber 
amplifier 18 is as small as a few dB. Thus, if the outgoing light of the first 
back-end optical fiber amplifier 18 is directly supplied to the second back-end 
optical fiber amplifier 28, a noise due to the second back-end optical fiber 
amplifier 28 largely influences, and a noise of the amplified fight within the 
L-band increases. To address this problem, a gain on a prior stage of the 
second back-end optical fiber amplifier 28 is increased by providing the 
second front-end optical fiber amplifier 22. As a result, the influence of the 
noise caused by the second back-end optical fiber amplifier 28 can be reduced, 
thereby reducing the noise of the amplified light within the L-band. 

According to the embodiment of the present invention, the noise of 
light obtained by amplifying incident light within the Oband can be reduced 
by properly determining the fiber lengths of the first front-end optical fiber 
amplifier 12 and the first back-end optical fiber amplifier 18 and the like. 
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Moreover, since the gain on the prior stage of the second back-end optical 
fiber amplifier 28 is increased by providing the second front-end optical fiber 
amplifier 22, it is also possible to reduce the noise of fight obtained by 
amplifying incident fight within the Lrband. 

Moreover, FIG. 5 shows an example where there are omitted a part of 
the components of the optical amplifier apparatus 1 shown in FIG. 1. As 
shown in FIG. 5, it is possible to omit the first front-end optical fiber 
amplifier 12, the first front-end pumping light source 14, the first WDM 
coupler (first front-end pumping light introducing means) 16, the second 
front-end optical fiber amplifier 22, the second front-end pumping light 
source 24, the second WDM coupler (second front-end pumping light 
introducing means) 26, and the optical isolator 42. The first back-end 
optical fiber amplifier 18 corresponds to a first optical fiber amplifier, and the 
second back-end optical fiber amplifier 28 corresponds to a second optical 
fiber amplifier. According to the configuration shown in FIG. 5, the first 
back end optical fiber amplifier 18 and the second back-end optical fiber 
amplifier 28 are pumped backward (receive pumping light on the outgoing 
side) by the back-end pumping light source 34, and the noise thus can be 
reduced by an amount of the eliminated first WDM coupler 16. 

As a variation, between the second back end optical fiber amplifier 28 
and the second front-end optical fiber amplifier 22 may be provided a third 
front-end optical fiber amplifier 62, a third front- end pumping light source 
64, and a third WDM coupler (third front-end pumping fight introducing 
means) 66. 

FIG. 2 is a diagram showing a configuration of the variation of the 
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optical amplifier apparatus 1 according the embodiment of the present 
invention. Parts and elements other than the third front-end optical fiber 
amplifier 62, the third front-end pumping light source 64, and the third 
WDM coupler (third front-end pumping light introducing means) 66 are as 
described with reference to FIG. 1, and a description thereof, therefore, is 
omitted. 

The third front- end optical fiber amplifier 62 amplifies the outgoing 
light of the second front-end optical fiber amplifier 22, and emits amplified 
light to the second back-end optical fiber amplifier 28. 

The third front-end pumping fight source 64 generates fourth 
pumping light which is supplied to the third front-end optical fiber amplifier 
62. 

The third WDM coupler (third front-end pumping light introducing 
means) 66 receives the fourth pumping light from the third front-end 
pumping fight source 64, and supplies the third front-end optical fiber 
amplifier 62 with the fourth pumping fight. The third WDM coupler 66 is 
connected to an outgoing side (side opposite to a side to receive incident light) 
of the third front-end optical fiber amplifier 62. It should be noted that the 
outgoing light of the third front-end optical fiber amplifier 62 passes the 
third WDM coupler 66. 

EXAMPLE 1 

In the optical amplifier apparatus 1 described with reference to FIG. 
1, it is assumed that the wavelength of the light generated by the first 
front-end pumping light source 14, the second front-end pumping light 
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source 24, and the back-end pumping light source 34 is 980 nm, the pumping 
intensity of the first front-end pumping light source 14 is 70 mW, the 
pumping intensity of the second front-end pumping light source 24 is 100 
mW, the pumping intensity of the back-end pumping light source 34 is 100 
mW, the wavelength of the incident light (signal light) made incident on the 
optical amplifier apparatus 1 is 1610 nm, and the intensity of the incident 
light (signal light) is -35 dBm. FIG. 3 shows a relationship between the 
wavelength and the gain, and a relationship between the wavelength and the 
noise factor on this occasion (denoted by Example). 

It should be noted that FIG. 4 shows an example without the second 
front-end optical fiber amplifier 22 as a comparative example. The 
comparative example shown in FIG. 4 has a configuration obtained by 
removing the second front-end optical fiber amplifier 22, the second 
front-end pumping light source 24, and the second WDM coupler 26 from the 
optical amplifier apparatus 1 described with reference to FIG. 1. It should 
be noted that the back-end pumping fight source 34, the back-end WDM 
coupler 36, and the optical isolator 46 are moved between the first back-end 
optical fiber amplifier 18 and the terminal 51. Moreover, between the 
second back-end optical fiber amplifier 28 and the terminal 53 are provided a 
back end pumping light source 34', a back-end WDM coupler 36', and an 
optical isolator 46', which are identical to the back-end pumping light source 
34, the back-end WDM coupler 36, and the optical isolator 46. The 
wavelength and the pumping intensity of the light generated by the first 
front-end pumping fight source 14, the second front-end pumping light 
source 24, and the back-end pumping light source 34, and the wavelength 
and intensity of the incident light (signal light) incident on the optical 
amplifier apparatus 1 are the same as those of the above example. FIG. 3 
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also shows a relationship between the wavelength and the gain, and a 
relationship between the wavelength and the noise factor of the comparable 
example (denoted by Comparative Example). 

It is appreciated from FIG. 3 that the gain and the noise factor of the 
Example are smaller than those of the Comparable Example. It is thus 
apparent that the Example provides better characteristics than the 
Comparable Example. 
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